Circular RNAs (circRNAs) along other complementary regulatory elements in ceRNAs networks possess valuable characteristics for both diagnosis and treatment of several human cancers including breast cancer (BC). In this study, we combined several systems biology tools and approaches to identify influential BC circRNAs, RNA binding proteins (RBPs), miRNAs, and related mRNAs to study and decipher the BC triggering biological processes and pathways.
INTRODUCTION
The "circRNAs-miRNAs" network was subjected to NetworkAnalyzer tool of Cytoscape and Degree, as the simplest centrality index, was calculated as the direct number of each gene's neighbors to find the hub circRNAs and hub miRNAs. The hub circRNAs-miRNAs and hub miRNAs-circRNAs networks then were merged intersected together to form the "hub miRNAshub circRNAs" network.
RBP Profiling and Super Sponge Mapping
To identify the attachable RBPs of hub circRNAs, besides the ones which bind to circRNAs flanking regions and junctions, Circular RNA Interactome database was used [25] . Subsequently, the identified RBPs were subjected to STRING v10.5 (https://string-db.org/) database (interaction score: 0.4 and text mining was excluded) to form their interaction status and study their GO terms and related KEGG and Reactome pathways.
Then to find whether the discovered hub circRNAs also count as the super sponge in general or not, miRNAs target sites were explored through the same database.
Constructing PPI Network, Exploring Hub Nodes, and Enrichment Analysis
The miRNAs-mRNAs interactions were predicted through TargetScan algorithm of DIANA-miRPath 3 (http://snf-515788.vm.okeanos.grnet.gr/index.php?r=mirpath). Then the obtained mRNAs were filtered by discovered DEGs of the current study. The common ones were selected and subjected to STRING v10.5 database applying the 0.7 as the minimum required interaction score and excluding text mining as the active interaction source to form the PPI network. The resulted network then was imported into Cytoscape v3.6.0 and merged with BC luminal A and TN DEGs again to have their expression status as well.
The MCODE plugin of Cytoscape which finds the highly interconnected complexes of a network was used in order to investigate the hubs within clusters and form the "mRNAs-miRNAs" network. The clusters were then subjected to Enrichment Analysis (KEGG pathway and GO TERM analyses) tool of DAVID 6.7 database (https://david-d.ncifcrf.gov/).
Enrichment Analyses and MREs Exploration of leading miRNAs
The common (leading) miRNAs of "miRNAs-mRNAs" and "hub miRNAs-hub circRNAs" networks were sent to miRNA Differential Expression tool of Pan-Cancer Analysis Platform to monitor their expression status between normal and breast cancer tissues. The leading miRNAs were subjected to miRPathDB v1.1 (https://mpd.bioinf.uni-sb.de/overview.html) for Enrichment Analysis. The MREs prediction took place upon leading miRNAs and related hub circRNAs by Circular RNA Interactome database.
RESULTS

Breast Cancer DECs and DEGs
The datasets information was listed in Supplementary 1(Sheet A). There were 79 and 175 total 
Establishment of circRNAs-miRNAs network and Hubs Investigation
The total number of 247 miRNAs were predicted by Circular RNA Interactome database for the discovered DECs. After filtering the list with curated BC miRNAs of miRCancer database, the total number was decreased to 44 (Supplementary 2). The "circRNAs-miRNAs" network then was manifested in Cytoscape 3.6 harboring 70 nodes and 112 edges. The network was exposed to hubs investigation by NetworkAnalyzer tool. The 20 percent of each type nodes count as hubs.
The total of 5 circRNAs (hsa_circ_0001666, hsa_circ_0001955, hsa_circ_0003227, hsa_circ_0020080, and hsa_circ_0065173) and 9 miRNAs (hsa-miR-145, hsa-miR-149, hsa-miR-182, hsa-miR-203, hsa-miR-31, hsa-miR-330-3p, hsa-miR-383, hsa-miR-520g, and hsa-miR-873) were derived to be the corresponding hubs. The networks then were merged intersected to form the "hub circRNAs-hub miRNAs" network with 14 nodes and 20 edges (Figure 1 and Table1).
RBP Profiling and Super Sponge Mapping
Following searching BRPs, a total of 26 ones were identified for the five hub circRNAs. The top five of each circRNA concerning binding sites were (11 ones in total) was plotted by ggplot2 package of RStudio (Figure 2(a) ). Their interactions were also investigated by STRING and the related network contained 12 nodes (PTBP1 and PTBP2 were chosen for PTBP) and 17 edges (Figure 2(b) As the mapped miRNAs for hub circRNAs [hsa_circ_0003227, hsa_circ_0001955, hsa_circ_0020080, hsa_circ_0001666, and hsa_circ_0065173] were respectively, 17, 36, 80, 102, 169 ones, all of them count as super sponge possessing strong capability of gene expression regulation through engaging a lot of miRNAs (Figure 2(d) and Supplementary 3(B)).
Identified Hubs in the PPI regulatory network, Enriched GO Terms and Pathways
The DEGs filtration of TargetScan algorithm of DIANA-miRPath3 predicted miRNAs related mRNAs, resulted in 393 mRNAs (Supplementary 4; sheet A). With the purpose of exploiting their interactions profoundly, a PPI network (128 nodes and 178 edges) was established and visualized by Cytoscape 3.6.0 and after merging with DEGs the 119 nodes with 156 edges left.
To narrow down the PPI network and due to the importance of hubs within clusters, the primary network divided to 7 clusters (Scores: 6, 5.556, 4, 3, 3, 3, and 3; overall: 32 nodes and 58 edges) utilizing MCODE plugin applying k-score=2. The resulted PPI network further combined with related miRNAs to form a precise "hub mRNAs-miRNAs" network (48 nodes and 95 edges; Enrichment analysis including KEGG pathway and GO annotation analyses were implemented by DAVID 6.7 upon hub genes. The GO terms with p-value less than 0.05 counted as significantly important and the top 5 of each term were illustrated and brought in Figure 4 . The most enriched pathways from KEGG was Focal adhesion (hsa04510). The most enriched BP, MF, and CC were 'response to DNA damage stimulus; GO:0006974', 'ATP binding; GO:0005524', and 'nucleoplasm; GO:0005654', respectively. The introduced terms were also brought in along related genes and p-values (Supplementary 4(B) ).
Explored MREs and Enriched Pathways and GO Terms
The networks of "hub mRNAs-miRNAs" and "hub circRNAs-hub miRNAs" were integrated together to find the common miRNAs. According to miRNA Differential Expression tool of starBase Pan-Cancer Analysis Platform, only four (hsa-miR-149, hsa-miR-182, hsa-miR-873, and hsa-miR-383) out of five common miRNAs were expressed significantly different between normal and breast cancer tissues excluding has-mir-31 (Table 2) .
The MREs were explored and revealed for leading miRNAs and hub circRNAs through Circular RNA Interactome database ( Figure 5 and Supplementary 4(C)). The enriched pathways and GO terms for the leading miRNAs were also excavated and introduced (Supplementary 4(D)).
DISCUSSION
RNA splicing eventuates in circular and linear ways producing two kinds of RNAs namely, linear and circular RNAs. Linear RNAs are the result of linear splicing when introns will be separated and the exons joined together, but the back splicing culminates in circRNAs that have diverse lengths regarding have both introns and one or multiple exons [26, 27] . The high throughput methods played major roles in locating and introducing novel circRNAs that count as the paramount regulators of cellular signaling pathways since they are the upstream elements controlling downstream miRNAs and mRNAs [28] . The circRNA-miRNA-mRNA axis lately engaged several oncologists, despite acting as enhancers or silencers, especially in BC for both diagnosis and treatment [29] . In the current study, we analyzed and introduced luminal A and TN common co-expressed circRNAs by using high throughput microarray data available in GEO repository. The common co-expressed elements are meticulous targets that have the chance of heterogeneity elimination which is a very delicate dilemma in BC uprooting [30] . The aforementioned subtypes also consider as the most important ones in BC, since luminal A has the title of "the most engaging" subtype and TN subtype to not have any hormonal characteristics that is hard to both cure and diagnosis [31] .
The ceRNAs unite to lay the foundations of regulatory networks that affect any biological processes. The circRNAs in precise need additional investigations due to their importance regarding their abundance and ambiguity roles in breast and other human cancers. The main issue is finding the hub circRNAs that have extensive regulatory branches and in this way, avoid pathway compensation ruled by cancer cells in case of manipulating single circRNAs [32] . In the current study, the RNA-seq expression status of circRNAs corresponding genes was used for narrowing down the discovered list. Pertaining to this fact that there are some genes that are unable to produce circRNAs [33] , the corresponding genes seem important both for anti-cancer treatments and diagnosis; especially because of some circRNAs functions as competitors of related mRNAs [34] . All the discovered hub circRNAs were regarded as ecRNAs, capable of regulating gene expression at both levels of post-and at transcription through sponging miRNAs [6] . According to the predicted MREs by Circular RNA Interactome, several 7-and 8-mer matches were found between leading miRNAs and hub circRNAs that promise secure and stable connection for sponging miRNAs and sequential regulation. This database takes advantage of Targetscan prediction algorithm that finds the probable complementary seeds on miRNAs and MREs of circRNAs [25] . With reference to this fact that alternative splicing undergoes alterations during breast cancer development, the potential matches between miRNAs and circRNAs ought to be as secure as possible to guarantee the true potential of circRNAs in sponging and regulating miRNAs [35, 36] . The ratio of affinity to abundance plays a major role in the MREs profile explaining that despite the higher abundance of 6-mer matches in comparison to 7-and 8-mer matches, the latter ones are more vital for maintaining the connection since they generate better affinity [37, 38] . In connection with this fact that ecRNAs are the only type of circRNAs that has MREs, ciRNAs and EIciRNAs serve as posttranscriptional regulators by modulating mRNA transcription and protein translation [28] .
Through literature search it was found that among all the discovered RBPs, as far as this group knows, the empirical mechanisms' investigation of EWSR1 and EIF4A3 for BC did not take place and the others were not studied fully and even served ambiguous results in case of IGFBPs [39] [40] [41] [42] [43] [44] [45] [46] [47] ; as for, they seem to be novel and precious targets in controlling BC especially if they will be studied along related proteins in practical networks. In connection with the enriched Reactome pathways, Estrogen-dependent gene expression, TP53 Regulates Metabolic Genes, Regulation of MECP2 expression and activity, Ca 2+ pathway, Regulation of RUNX1 Expression and Activity, MAPK6/MAPK4 signaling, ceRNAs regulate PTEN translation, and Insulin-like Growth Factor-2 mRNA Binding Proteins specifically are related to BC and although studied before, need further care, hence their manipulation with the identified RBPs or circRNAs seem to be an intelligent approach to incapacitate BC progression.
The lethality and recurrence of BC are blamed of metastasis to distant organs, and although the exact undergoing processes of metastasis are not fully understood because of complexity, the impact of epithelial-mesenchymal transition (EMT) clearly outshines and is undeniable [48] .
Overexpression of methyl-CpG-binding protein (MeCP2) widely known as an oncogenic epigenetic modulator relevant to BC and acts in line with RAS, MAPK, and PI3K pathways to the extent that its down-regulation would be compensated by RAS overexpression in TN subtype The RBPs are also beneficial for targeting Runt-related transcription factor 1 (RUNX1) Expression and Activity and Ca 2+ pathways. RUNX1 is considered to be a double-edged sword since both its up-regulation and down-regulation is detectable in BC. Loss of function mutation in cell-specific RUNX1 in luminal subtypes of BC accompanied with TGF-β leads to EMT metastasis [56]; on the other hand, its up-regulation in TN subtype triggers cancerous cells migration [57] . The Ca 2+ pathway is also another BC triggering player (migration and angiogenesis, proliferation and apoptosis) that needs further and deeper study due to being subtype-specific. Regarding the existing gradient of Ca 2+ on both sides of the plasma membrane and the necessity of upper Ca 2+ concentration in the cytoplasmic environment to instigate proliferation and gene expression, the calcium exchangers and channels or the whole signaling network are advantageous to control BC [58] . It was found that targeting Secretory Pathway Ca 2+ -ATPase 1 (SPCA1) up-regulation led to proliferation subsiding as it subsequently has an impact on IGF1R production in BC basal-like subtype [59] . In the case of ER + subtypes, it was approved that focusing on calcium pump plasma membrane Ca 2+ -ATPase 2 (PMCA2) overexpression culminates in breaking the apoptosis resistance [60] . These findings strengthen this idea that by modulating circRNAs and integrating the elements of converging parallel mechanisms a multi-aspects procedure would be flourished to eliminate BC.
With reference to the enriched pathways of leading miRNAs and mRNAs clusters, lots of BC related pathways were observed that emphasized the significance of discovered regulatory ceRNA axes through the current study for BC eradication. According to this disclosure, there was a common pathway among them; focal adhesion (FA). FAs are the plasma membrane inner structures that contain lots of constitutive proteins including kinases, adaptors, and phosphatases that will be congregated as the result of cells attachment to ECM. FAs are responsible for a wide variety of cellular processes from growth and differentiation to morphology, but their importance in migration is exemplary which is a result of its turn-over dominance to broadening [61] . It was demonstrated that focal adhesion kinase (FAK), which is a key player of this pathway, along being accountable for BC metastasis is also crucial for cell cycle progression engaging a myriad of elements and pathways like MAPK/ERK, Src, and cyclin D1 [62, 63] . It was also determined that FAs are engrossed in generating and maintenance of breast cancer stem cells (BCSCs) since mammary gland stem cells (MaSCs) have a panel of overexpressed integrins that follows by FAK activation, anoikis evading (programmed cell death that is the result of detaching from ECM [64]), and self-renewal emergence [65, 66] .
CONCLUSION
This paper has investigated the high-priority role of ceRNAs regulatory networks in BC and led us to conclude that manipulating the circRNA-miRNA-mRNA or RBP-circRNA-miRNA axes potentially culminates in halting several BC triggering biological processes and pathways. We have found several novel controllable hubs and targets including circRNAs, miRNAs, RBPs, and mRNAs. The introduced cutting-edge strategy, which is targeting upper hand elements instead of just controlling downstream mRNAs and proteins, needs further wet lab experiments that this group is now working on it. Furthermore, the introduced regulatory elements that were obtained through merging several promising bioinformatics tools serve as individual valuable particles to devise inhibitory procedures against them. The study also covered the explanation of some salient and fundamental pathways in BC and explained the probability effect of controlling RBPs and circRNAs on them, hence suggesting another aspect of ceRNAs networks' regulation.
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